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(54) Title: HIGH-STRENGTH HOT-ROLLED STEEL SHEET EXCELLENT IN SHAPE FIX ABILITY AND METHOD OF PRO- 
DUCING THE SAME 

(57) Abstract: A high-strength hot-rolled steel sheet excellent in shape fixability having ferrite or bainite as the phase of the largest 
volume percentage, satisfying all of the following at least at 1/2 sheet thickness: a mean value of X-ray random intensity ratio in the 
orientation component group of { 100}<01 1> to {223 }<1 10> to X-ray random diffraction intensity ratio of at least 2.5; a mean value 
of X-ray random intensity ratio in the three crystal orientation components of {554}<225>, { 1 1 1 }<112>, and { 1 1 1 }<1 10> to X-ray 
random diffraction intensity ratio of 3.5 or less; an X-ray intensity ratio to X-ray random diffraction intensity ratio at { 100}<011> 
of at least the X-ray random intensity to X-ray random diffraction intensity ratio at {211 }<01 1>; and an X-ray random intensity 
ratio to X-ray random intensity ratio diffraction intensity ratio at { 100}<01 1> of at least 2.5, having at least one of an r-value of the 
rolling direction and an r-value of a direction perpendicular to the rolling direction of not more than 0.7, having an anisotropy AuEl 
of uniform elongation of not more than 4%, having an anisotropy ALE1 of local elongation of at least 2%, and having an AuEl of 
not more than the ALE1. 
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DESCRIPTION 

HIGH-STRENGTH HOT-R OLLED STEEL SHEET EXCELLENT IN SHAPE 

FIXABILITY AND 
5 METHOD OF PRODUCING THE SAME 

* 

[TECHNICAL FIELD] 

The present invention relates to a high-strength 
hot-rolled steel sheet excellent in shape f ixability used 
10 for an automobile part etc. and able to efficiently 

achieve a reduction in weight of an automobile part and a 
method of producing the same, 

[BACKGROUND ART] 

To suppress the emission of carbon dioxide gas from 
15 automobiles, high-strength steel sheet is being used to 
reduce the weight of automobile body. Further, to secure 
the safety of passengers, not only soft steel sheet, but 
also high-strength steel sheet is being made much use of 
for automobile body. In addition, to reduce the weight of 
20 automobile body in the future, new demand is rapidly 

rising for raising the level of usage strength of high- 

* 

strength steel sheet. 

However, when bending deformation is applied to 
high-strength steel sheet, because of the high strength, 

25 the "spring back" phenomenon of the shape after the work 
tending to deviate from the shape of the forming jig and 
return in the direction of the shape before the work and 
the "wall camber" phenomenon of the planes of the side 
walls ending up as surfaces having curvature due to 

30 elastic recovery as a result of bending-rebending during 
work occur. 

Therefore, in a conventional automobile bodies, the 
steel used has mainly been limited to high-strength steel 
sheet of less than 440 MPa strength. For automobile body, 
35 it is necessary to use high-strength steel sheet of more 
than 490 MPa strength to reduce the weight of the body. 
Despite this, there is no high-strength steel sheet with 
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10 



little spring back and wall camber and a good shape 
fixability. 

Without having to say it, raising the shape 
fixability after working high-strength steel sheet or 
soft steel sheet of less than 440 MPa strength is 
extremely important in raising the shape precision of 
automobiles, household electric appliances, and other 
products . 

Some of the inventors disclosed in WO 00/06791 a 
ferritic thin steel sheet with a ratio of the {100} plane 
and {111} plane of at least 1 for the purpose of 
improving the shape fixability, but the patent document 
has no description of reduction of the wall camber. 
Therefore, the X-ray intensity ratio in the orientation 
15 component group of {100}<011> to {223}<110> to the X-ray 
random diffraction intensity ratio and those in the 
orientation components of {100}<011> are not described 
either in the patent document. 

Further, some of the inventors disclosed in Japanese 
Unexamined Patent Publication (Kokai) No. 2001-64750, as 
technology for reducing the amount of spring back, a 
cold-rolled steel sheet wherein the reflected X-ray 
intensity ratio of a {100} plane parallel to the sheet 
plane is controlled to 3 or more. However, this cold- 
25 rolled steel sheet is characterized by specifying the X- 
ray intensity ratio- at the outermost surface in the sheet 
thickness, so is steel sheet completely different from 
the present invention. 

Further, some of the inventors disclosed in Japanese 
30 Unexamined Patent Publication (Kokai) No. 2002-363695 and 
Japanese Patent Application No. 2002-286838 (Japanese 
Unexamined Patent Publication (Kokai) No. 2004-124123) a 
low yield ratio high-strength steel sheet excellent in . 
shape fixability and a method of producing the same. 
35 Compared with these inventions, the present 

invention studies the production conditions whereby a 
more excellent shape fixability is realized and 
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production conditions whereby both a shape fixability and 
workability are obtained. 

That is, the inventors discovered that for this, 
control of the texture and control of the anisotropy of 
5 ductility are extremely important and, as result of 

intensive study, discovered optimal control conditions 
satisfying these requirements. 

[SUMMARY OF THE INVENTION] 

If increasing the strength of steel sheet applied 
10 for automobile parts to be subject to bending, the amount 
of spring back increases along with the rise of the steel 
sheet strength and shape defects occur, so use of high- 
strength steel sheet is limited at the present time. 

Further, excellent press formability and high impact 
15 energy absorbability are essential properties for 

application of high-strength steel sheet to auto parts 
etc. 

The present invention fundamentally solves the 
problem and provides a high-strength hot-rolled steel 
20 sheet having an excellent shape fixability and a method 
of producing the same. 

According to conventional knowledge, as a means for 
reducing the amount of spring back and suppressing shape 
fixation defects, lowering of the yield point of the 
25 steel sheet had been considered important. Further, to 
reduce the yield point, steel sheet with a low tensile 
strength had to be used. 

However, this alone is not a fundamental means of 
solution for improving the bendability of a steel sheet, 
30 reducing the amount of spring back, and reducing shape 
fixation defects. 

Therefore, the inventors took note of the effect of 
the texture of the steel sheet on the bendability and 
engaged in a detailed investigation and research on its 
35 action and effects so as to improve the bendability and 
fundamentally solve the problem of the occurrence of 
shape fixation defects. As a result, they discovered a 



WO 2005/005670 



PCT/JP2004/009465 



steel sheet excellent in shape fixability. 

That is, the inventors found that by controlling the 
X-ray intensity ratio in the orientation component group 
of {100}<011> to {223}<110> to X-ray random diffraction 
5 intensity , in particular in the orientation components of 
{100}<011> and the orientation components of {111}<112> 
and {111}<110>, and by making at least one of the r-value 
of the rolling direction and the r-value of the direction 
perpendicular to the rolling direction as low a value as 

10 possible and by making the anisotropy of local elongation 
at least 2%, the bendability is strikingly improved . 

However, if the anisotropy of local elongation 
becomes larger, the elongated flange formability is 
expected to deteriorate and achievement of both a shape 

15 fixability and formability becomes difficult. Therefore, 
the inventors engaged in intensive studies and as a 
result discovered that simultaneous achievement of 
texture control and carbide control enables the shape 
fixability to be raised. 

20 Further, since a multi-phase steel is effective in 

order to maintain an excellent press formability and a 
high impact absorbability, the inventors found out the 
most preferable conditions for hot-rolling from viewpoint 
of texture control and microstructure control. 

25 Further, not limiting the direction of cutting 

blanks for forming various parts greatly contributes to 
the improvement of the yield of the steel material. For 
this, the anisotropy of ductility, in particular the 
reduction of the anisotropy of uniform elongation, has 

* 

30 important significance. 

The inventors discovered by experiments that by 
controlling the start temperature and end temperature of 
finishing hot-rolling of steel sheet, it is possible to 
cause development of the {100}<011> orientation component 

35 as the principal orientation component and thereby secure 
the above shape fixability and formability while reducing 
the anisotropy of uniform elongation. 
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The present invention was made based on the above 
findings and has as its gist' the following: 

(1) A high-strength hot-rolled steel sheet excellent 
in shape fixability, wherein ferrite or bainite is the 
5 maximum phase in terms of percent volume, 

satisfying all of the following at least at 1/2 of 
the sheet thickness: 

(i) a mean value of X-ray random intensity ratios of 
a group of {100}<OU> to {223}<110> orientations is 2,5 
10 or more, 

(ii) a mean value of X-ray random intensity ratio of 
three orientations of {554}<225>, {111}<112>, {111}<110> 
is 3.5 or less, 

(iii) X-ray random intensity ratio of {100}<011> is 
15 larger than that of {211}<011>, 

(iv) X-ray random intensity ratio of {100}<011> is 
2.5 or more, 

having at least one of an r-value in a rolling 
direction and the r-value in a direction perpendicular to 
20 the rolling direction is 0.7 or less, 

having anisotropy of uniform elongation AuBl is 4% 

or less, having an anisotropy of local elongation ALE1 
is 2% or more, and 

having an AuEl which is ALE1 or less, 
25 where: 

AuEl={ |uEl(L)-uEl(45°) |+|uEl(C)-uEl(45°) j }/2 
ALE1 = { I LEI (L) -LEI (45°) j + | LEI ( C ) -LEI ( 45 0 ) j }/2 
uEl(L): Uniform elongation in a rolling direction 
uEl(C): Uniform elongation in a transverse direction 

3 0 uEl(45°): Uniform elongation in a 45° direction 

LE1(L): Local elongation in a rolling direction 
LE1(C): Local elongation in a transverse direction 
LEI (45°): Local elongation in a 45° direction. 
(2) A high-strength hot-rolled steel sheet excellent 

35 in shape fixability as set forth in (1), characterized in 
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that an occupancy rate of iron carbide, diameter of which 
is 0,2 [xm or more, is 0.3% or less. 

(3) A high-strength hot-rolled steel sheet excellent 
in shape fixability as set forth in (1), characterized in 

5 that an aging index A.I. is 8 MPa or more. 

(4) A high-strength hot-rolled steel sheet excellent 
in shape fixability as set forth in (1), characterized by 
containing, in terms of weight %, . 

C: 0.01 to 0.2%, 
10 Si: 0.001 to 2.5%, 

Mn: 0.01 to 2.5%, 

P: 0.2% or less, 

S: 0.03% or less, 

Al: 0.01 to 2%, 
15 N: 0.01% or less, and 

0: 0.01% or less 
and remainder Fe and unavoidable impurities. 

(5) A high-strength hot-rolled steel sheet excellent 
in shape fixability as set forth in (4), characterized by 

20 further containing at least one or more element selected 
from Nb, Ti and V with a total of 0.001 to 0.8%, in terms 
of weight %. 

(6) A high-strength hot-rolled steel sheet excellent 
in shape fixability as set forth in (4) or (5), 

25 characterized by further containing at least one or more, 
in terms of weight %, 



B: 


0.01% or less, 


MO! 


, 1% or less, 


Cr; 


. 1% or less, 


Cu; 


2% or less, 


Ni: 


1% or less, 


Sn: 


0.2% or less, 


Co: 


2% or less, 


Ca: 


0.0005 to 0.005%, 



35 Rem: 0.001 to 0.05%, 

Mg: 0.0001 to 0.05%, 
Ta: 0.0001 to 0.05%. 



* 
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(7) A high-strength hot-rolled steel sheet excellent 
in shape fixability. as set forth in (1), characterized by 
containing, in terms of weight %, 

C: 0,02 to 0.3%, 
5 at least one or more element selected from. the following 
group consisting of, total 0.1 to 3.5%, in terms of 
weight %, 



Mn; 


0.05 to 3%, 


NI: 


3% or less", 


Cr: 


3% or less, 


Cu: 


3% or less, 


Mo: 


1% or less, 


Co: 


3% or less and 


Sn: 


0.2% or less, 



15 at least one or both consisting of, total 0.02 to 3% in 
terms of weight %, 

Si: 3% or less and 
Al: 3% or less 
and remainder Fe and unavoidable impurities, and having 
20 multi-phase structure, wherein ferrite or bainite is the 
maximum phase in terms of percent volume, and a percent 
volume of martensite is 1 to 25%. 

(8) A high-strength hot-rolled steel sheet excellent 
in shape fixability as set forth in (7), characterized by 

25 containing, in terms of weight %, at least one or more 

element selected from Nb, Ti and V with a total of 0.001 
to 0.8%, in terms of weight %. 

(9) A high-strength hot-rolled steel sheet excellent 
in shape fixability as set forth in (7) or (8), 

30 characterised by further containing at the least of one 
or more element selected from the following group 
consisting of, in terms of weight %, 
P: 0.2% or less, 
B: 0.01% or less, 
35 Ca: 0.0005 to 0.005% and 

Rem: 0.001 to 0.02% 

(10) A high-strength hot-rolled steel sheet 
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excellent in shape fixability as set forth in (4) or (5), 
wherein the steel sheet is plated, 

(11) A high-strength hot-rolled steel sheet 
excellent in shape fixability as set forth in (7) or (8), 

5 wherein the steel sheet is plated, 

(12) A method of producing a high-strength hot- 
rolled steel sheet excellent in shape fixability 
comprising the following steps, 

hot-rolling a cast slab having a composition as set 
10 forth in (4) or (5) as cast cooled once, then reheated to 
a temperature range of 1000-1300°C, with a total 
reduction rate of 25% or more at Ar 3 to (Ar 3 +150)°C, 
temperature at finishing hot-rolling start, TFS, and 
temperature at finishing hot-rolling end, TFE, 
15 simultaneously satisfies following Equations (1) to (4), 
and 

cooling hot-rolled steel sheet , then 
coiling at below critical temperature T 0 determined 
by the chemical composition of the steel sheet shown in 
20 the following Equation (5) and a temperature of 400 to 



700°C, 

TFE^Ar 3 ( 1 ) 

TFEa800°C (1' ) 

TFSsll00°C (2) 

25 20°CssTFS-TFEssl20°C (4) 

T o =-650 . 4x{C%/ ( 1 . 82xC%-0 . 001 ) }+B ( 5 ) 



where B is found from the composition of the steel 
expressed by weight % 

B— 50 . 6xMneq+894 • 3 

30 . Mneq=Mn%+0 . 24xNi%+0 . 13xSi%+0 . 38xMo%+0 . 55xCr% 

+0 . 16xCu%-0 . 50xAl%-0 , 45xCo%+0 , 90xV% 

Ar 3 =901-32 5xC%+33xSi%+287xP%+40xAl%-92x(Mn%+Mo%+Cu%) 

-46x(Cr%+Ni%) 
(13) A method of producing a high-strength hot- 
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rolled steel sheet excellent in shape fixability as set 
forth in (12) characterized by further controlling a 
friction coefficient to not more than 0.2 in at least one 
pass in the hot-rolling in a temperature range of Ar 3 to 
5 (Ar 3 +150)°C. 

(14) A method of producing a high-strength hot- 
rolled steel sheet excellent in shape fixability 
characterized by applying skin pass rolling of 0.1 to 5% 
to hot-rolled steel sheet produced by the method of 

10 producing a high-strength hot-rolled steel sheet 

excellent in shape fixability as set forth in (12). 

(15) A method of producing a high-strength hot- 
rolled steel sheet excellent in shape fixability 
comprising the following steps , 

15 hot-rolling a cast slab having a composition as set 

forth in (7) or (8) as cast or cooled once, then reheated 
to a range of 1000 to 13Q0°C, with a total reduction 
ratios of 25% or more at Ar 3 to (Ar 3 + 150 ) °C, temperature 
at finishing hot-rolling start, TFS, and temperature at 

20 finishing hot-rolling end, TFE, and calculated residual 
strain Ae to simultaneously satisfy following relations 
(1) to (4), and 

cooling hot-rolled steel sheet, then 

coiling at below critical temperature T 0 determined 

25 by the chemical composition of the steel shown in the 

following relation (5) and a temperature of not more than 



400 °C: 

TFEsAr 3 (°C) (1) 

TFS^1100°C (2) 

30 Aes(TFS-TFE)/375 (3) 

20°C<;(TFS-TFE)£l20 o C (4) 

T o =-650.4x{C%/(1.82xC%-0.001)}+B (5) 



where, B is found from the composition of the steel 
expressed by weight%, 

3 5 B=- 50.6 xMneq+8 94.3 
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Mneq=Mn%+0 . 24xNi%+0 . 13xSi%+0 . 38xMo%+0 . 55xCr% 

+0 . 16xCu%-0 . 50xAl%-0 . 45xCo%+0 . 90xV% 
where , 

Ar 3 =901-325xC%+33xSi%+287xP%+40xAl%-92x(Mn%+Mo%+Cu%) 
5 -46x(Cr%+Ni%) 

Ae is found from the equivalent strain ei (i is 1 to 
n) given at each stand of the n stages of finishing 
rolling for the rolling, time ti (sec) (i=l to n-1) 
between stands, time tn (sec) from the final stand to the 

m 

10 start of cooling, rolling temperature Ti(K) (i=l to n) at 
each stand, and a constant R=1.987. 
e=Ael+Ae2+* *+Aen 

where, Aei=ei x exp{-(ti*/xn) 2/3 } 

* 

xi=8.46xl0~ 9 x exp{43800/R/Ti} 

*5 ti*=tn x (ti/xi+t(i+l)/T(i+i) + * • .+tn/xn} 

(16) A method of producing a high- strength hot- 
rolled steel sheet excellent in shape fixability as set 
forth in (15) characterized by further controlling a 
friction coefficient to not more than 0.2 in at least one 

20 pass in the hot-rolling in a temperature range of Ar 3 to 
(Ar 3 +150)°C. 

(17) A method of producing a high-strength hot- 
rolled steel sheet excellent in shape fixability 
characterized by applying skin pass rolling of 0.1 to 5% 

25 to hot-rolled steel sheet produced by the method of 
producing a high-strength hot-rolled steel sheet 

« 

excellent in shape fixability as set forth in (15). 
[THE MOST PREFERRED EMBODIMENT] 

Below, the content of the present invention will be 
30 explained in detail. 

Mean value of X-rav ra ndom intensity ratios of group 
of n00><011> to <f223l<1 10> at sheet plane at 1/2 sheet 
thickness : 

The average value of the {100}<011> to {23}<110> 
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orientation component group when performing X-ray 
diffraction for the sheet plane at the sheet thickness 
center position and finding the ratio of intensity in the 
different orientation components to a random sample has 
5 to be at least 2.5. If this average value is less than 
2.5 or less, the shape fixability becomes poor. 

The main orientation components included in the 
orientation component group are {100}<011>, {116}<110>, 
{114}<110>, {113}<110>, {112}<110>, {335}<110> / and 
10 {223}<110>. 

The X-ray random intensity ratio in these 
orientation components to X-ray random diffraction 
intensity may be found from the three-dimensional texture 
calculated by the vector method based on a {110} pole 

15 figure or the series expansion method using a plurality 

(desirably three or more) of pole figures out of the pole 
figures of {110}, {100}, {211}, and {310}. 

For example, for the X-ray random intensity ratio in 
the above crystal orientation components to X-ray random 

20 diffraction intensity calculated by the latter method, 

the intensities of ( 001) [ 1-10] , (116)[1-10], (114)[1-10], 
(U3)[l-10], (112)[1-10], (335)[1-10], and (223)[1-10] at 
a (|)2 = 45° cross-section in a three-dimensional texture 
can be used without modification. 

25 The average value in the orientation component group 

of {100}<011> to {223}<110> is the arithmetic average 
ratio of all the above orientation components. When it is 
impossible to obtain the intensities in all these 
orientation components, the arithmetic average of the 

30 intensities in the orientation components of {100}<011>, 
{116}<110>, {114}<110>, {112}<110> and {223}<110> may be 
used as a substitute. 

Further, preferably the average value of the X-ray 
random intensity ratio in the orientation component group 

35 of {100}<011> to {223}<111> to X-ray random diffraction 
intensity is 4.0 or more. 

Mean va lue of X-rav random intensity ratio in three 
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crystal orientation components of I5541<225>, mi}<112>, 
and flll}<1 10> at sheet plane at 1/2 sheet thickness ; 

The mean value of the X-ray random intensity ratio 
in the three crystal orientation components of 
5 {554}<225>, {111}<112>, and {111}<110> to X-ray random 
diffraction intensity at the sheet plane at 1/2 sheet 
thickness shall be 3*5 or less. If this mean value is 3.5 
or more, even if the intensity in the orientation 
component group of {100}<011> to {223}<110> is 
10 appropriate, a good shape fixability becomes difficult to 
obtain. 

The x-ray random intensity ratio at {554}<225>, 
{111}<112>, and {111}<110> to X-ray random diffraction 
intensity can be calculated from the three-dimensional 
15 • texture calculated in accordance with the above method. 

Further, preferably the arithmetic average of the X- 
ray random intensity ratio at {554}<225>, {111}<112>, and 
{111}<110> to random X-ray diffraction intensity is 2.5 
or less. 

20 X-ray random intensity ratio at <d00}<011> and 

I2111<011> at sheet plane at 1/2 sheet thickness : 

The X-ray random intensity ratio at {100}<011> to X- 
ray random diffraction intensity at the sheet plane at 
1/2 sheet thickness must be at least the X-ray random 

25 intensity at {211}<011> to X-ray random diffraction 
intensity. If the X-ray random intensity ratio at 
{211}<011> to X-ray random diffraction intensity becomes 
larger than the X-ray random intensity ratio at 
{100}<011> to X-ray random diffraction intensity, the 

30 anisotropy of uniform elongation becomes greater and the 
formability deteriorates. 

Note that the {100}<011> and {211}<011> mentioned 
here allow as the range of orientation having similar 
effects ±12° using the direction perpendicular to the 

35 rolling direction (transverse direction) as the axis of 
rotation, more preferably ±16°. 

The reason why the X-ray intensity in the crystal 
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orientation components explained above are important for 
a shape fixability in bending or the anisotropy of 
elongation is not necessarily clear, but it is estimated 
that the sliding behavior of crystals during bending 
5 deformation has some connection. 

The sample used for X-ray diffraction is prepared by. 
reducing a steel sheet to a predetermined sheet thickness 
by mechanical polishing etc., then removing the strain 
and simultaneously making the sheet thickness 1/2 plane 
10 the measurement plane by chemical polishing, electrolytic 
polishing, etc . 

When there is a segregation zone, defects, etc. in 
the center layer of sheet thickness of the steel sheet 
and problems occur in measurement, measurement may be 
15 made by adjusting the sample in accordance with the above 
method so that a suitable plane becomes the measurement 
plane in the range of 3/8 to 5/8 sheet thickness. 

Only naturally, if the limitation of the X-ray 
intensities is satisfied not only near 1/2 sheet 
20 thickness, but for as great a number of thicknesses as 

possible (in particular, from the outermost layer to 1/4 
sheet thickness), the shape fixability becomes even 
better. 

Note that the crystal orientation component 
25 expressed by {hkl}<uvw> shows that the normal direction 
of the sheet plane is parallel to <hkl> and the rolling 
direction is parallel to <uvw>. 

. r-value (rL) of rolling direction and r-value of 
direction perpendicular to rolling direction (rC) ; 
30 Both of the above r- values are important in the 

present invention. That is, the inventors engaged in 
intensive studies and as a result learned that even if 
the X-ray intensities of the above crystal orientation 
components are suitable, a good shape fixability can not 
35 necessarily be obtained. 

At the same time as the above X-ray intensities, it 
is essential that at least one of the rL and rC be 0.7 or 
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less, more preferably be 0.55 or less. 

The effect of the present invention can be obtained 
without particularly limiting the lower limits of rL and 
rC. The r-value is evaluated by a tensile test using a 
5 JIS No. 5 tensile test piece. 

The tensile strain is normally 15%, but when the 
uniform elongation is less than 15%, it should be 
evaluated by a strain as close to 15% as possible in the 
range of the uniform elongation. 

10 Note that the direction of the bending differs 

depending on the worked part, so is not particularly 
limited, but it is preferable to mainly work the sheet 
bending it vertical or in a direction close to the 
vertical with respect to the direction of the small r- 

15 value. 

However, in general, it is known that the texture 
and r-values have correlation, but in the present 
invention, limitation relating to the ratio of the X-ray 
intensities in the crystal orientation components to X- 

20 ray random diffraction intensity and limitation relating 
to the r-values are. not synonymous. Without the two 
limitations being simultaneously satisfied, a good shape 
fixability cannot be obtained. 
Anisotroov of ductility ; 

25 when. press forming steel sheet, the uniform 

elongation of the steel sheet, that is, the n-value, has 
important meaning. In particular, in high-strength steel 
sheet mainly for punch stretch forming, when the uniform 
elongation (n-value) has anisotropy, it is necessary to 

30 carefully select the direction of cutting out the blanks 
according to the part and a deterioration of the 
productivity and drop in the yield of the steel sheet are 
invited. 

Further, in some cases, the sheet cannot be formed 
35 into the desired shape. 

In steel having a tensile strength of more than 
about 4 00 MPa (maximum strength obtained in tensile 
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strength), if the anisotropy AuEl of uniform elongation 

is 4% or less, it is learned that a good formability is 
exhibited not dependent on the direction. 

When a particularly strict formability is required, 
5 the anisotropy AuEl is preferably not more than 3%. 

The lower limit of the anisotropy AuEl of uniform 
elongation is not particularly limited, but making it 0% 
is the most preferable from the viewpoint of the 
formability. 

10 Further, if the anisotropy ALEl of local elongation 

becomes less than 2%, the shape fixability deteriorates, 
so the lower limit of ALEl is made 2%. The upper limit 

of ALEl is not particularly set, but if ALEl becomes too 

large, the formability declines, so the upper limit is 
15 preferably made 12%, 

However, even if satisfying the above conditions, 
when AuEl>ALEl, a good formability and shape fixability 
are not simultaneously achieved, so AuEl was made not 
more than ALEl. 

20 Note that the anisotropics of uniform elongation and 

local elongation are defined as follows using the 
elongations parallel to the rolling direction (L 
direction), vertical (C direction), and 45° direction: 
AuEl={ |UE1(L)-UE1(45°) | + | uEl (C)-uEl ( 45° ) |}/2 

25 ALE1={ |LE1(L)-LE1<45°) |+ |LE1 (C)-LE1 (45° ) | }/2 . 

Microstructure ; 

In actual auto parts, the shape fixability due to 
the above bending is not the only problem in a part. 
Other locations in the same part sometimes are subjected 
30 to elongated flange, burring, or other work, so there are 
quite a few cases where punch stretch forming, 
restriction, or other good press formability is sought. 

Therefore, along with improvement of the shape 
fixability at the time of bending for controlling the 
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texture , the hole expansivity and press formability of 
the steel sheet itself also have to be improved. 

From this viewpoint, the microstructure of the steel 
sheet should be one having the ferrite or bainite phase 
5 having a high hole expansivity as the phase of the 

largest volume percentage. However, from the viewpoint of 
the texture, a bainite phase produced by transformation 
at a low temperature results in stronger development of 
the texture, so it is preferable to make bainite the 

10 principal phase. 

Note that the bainite spoken of here may or may not 
include iron carbide particles in the microstructure. 
Further, the ferrite worked after transformation and 
having an extremely high internal dislocation density 

15 (worked ferrite) causes the ductility to remarkably 

deteriorate and is not suited for working of parts, so is 
differentiated from the ferrite defined in the present 
invention. 

Further, the inventors discovered that the 

20 characteristic of the steel of the present invention 
includes at least 1% martensite in the steel sheet to 
lower the yield ratio is most preferable at least one of 
rL and rC be not more than 0.7 and for satisfying for 
improving the punch stretch formability. 

25 At this time, if the volume percentage of martensite 

exceeds 25%, not only is the strength of the steel sheet 
improved more than necessary , but also the ratio of the 
martensite linked in a network increases and the 
formability of the steel sheet is remarkably 

30 deteriorated, so 25% was made the maximum value of the 
volume percentage of martensite. 

Further, to obtain the effect of the reduction of 
the yield ratio by the martensite, when the phase of the 
largest volume percentage is ferrite, it is preferable 

35 that the value be at least 3%, while when the phase of 
the largest volume percentage is bainite, it is 
preferable that the value be at least 5%. 
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Further, when the phase of the largest volume 
percentage is other than ferrite or bainite, the strength 
of the steel material is improved more than necessary and 
the formability is deteriorated or the precipitation of 
5 unnecessary carbides makes it impossible to secure the 
necessary amount of martensite and thereby the 
formability of the steel sheet is remarkably 
deteriorated, so the phase of the largest volume 
percentage is limited to ferrite or bainite, 

10 Further, even if residual austenite not finished 

transforming is contained at the time of cooling down to 
room temperature, there will not be any great effect on 
the effect of the present invention. However, if the 
volume percentage of the residual austenite found by the 

15 reflected X-ray method etc. increases, the yield ratio 

rises, so the volume percentage of the residual austenite 

♦ 

is preferably not more than two times the volume 
percentage of the martensite and more preferably not more 
than the volume percentage of the martensite. 
20 Further, the rate of occupancy of iron carbide of a 

diameter of 0.2 \xm or more causing the elongated flange 

formability to remarkably deteriorate is preferably 
limited to 0.3% or less. The rate of occupancy of the 
iron carbide may also be replaced by finding the percent 
25 area of the iron carbide by image processing in an 

optical microscope photograph of at least x500 

magnification. Further, it is also possible to find the m 
number of lattice points occupied by iron carbide of 0.2 

\m or more among the n number of lattice points drawn on 

30 the photograph and use m/n as the rate of occupancy. 

Aging index AI : 

The index A.I. showing the aging of steel sheet is 
preferably at least 8 MPa. If A.I. becomes less than 8 
MPa, the shape fixability falls, so 8 MPa is made the 
35 lower limit. The reason why the shape fixability 

deteriorates if the A.I. falls is not clear, but the A.I. 
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is correlated with the movable dislocation density in 
steel sheet, so the difference in the movable dislocation 
density is believed to have some sort of effect on the 
deformation, 

5 The upper limit of the A.I. is not particularly 

limited, but if the A.I. becomes more than 100 MPa, 
stretcher strain occurs and the appearance of the steel 
sheet is liable to be remarkably damaged, so the A.I. is 
preferably not more than 100 MPa. 

10 Note that the aging index is measured by using an L 

direction or C direction JIS No. 5 tensile test piece and 
using the difference between the deformation stress when 
applying a prestrain of 10% and the yield stress when 
removing the load once, aging at 100 °C for one hour, then 

15 conducting the tensile test again (when yield elongation 
occurs, the lower yield stress) as the aging index A.I.. 

Next, the preferable chemical composition of the 
present invention will be explained. Note that the units 
are mass%. 

20 First, the chemical composition of high-strength 

hot-rolled steel sheet having a microstructure of ferrite 
or bainite as the phase of the largest volume percentage 
and excellent in shape fixability will be explained. Note 
that in the above steel sheet, the hole expansivity is 

25 also excellent. 

C: 

The lower limit of C was made 0.013 because with a C 
of less than 0,01%, it is difficult to secure the 
strength of the steel sheet while maintaining a high 

30 formability. On the other hand, if over 0.2%, the 

austenite phase or martensite phase and rough carbides 
lowering the hole expansivity are easily formed and 
further the weldability also falls, so the upper limit is 
made 0.2%. 

35 Si: 

Si is an effective element for raising the 
mechanical strength of the steel sheet, but if over 2.5%, 
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the formability deteriorates or surface flaws occur, so 
2.5% is made the upper limit. On the other hand, in 
actual steel, it is difficult to make the Si less than 
0.001%, so 0.001% is made the lower limit. 

5 Mn: 

Mn is an effective element for raising the 
mechanical strength of the steel sheet, but if over 2.5%, 
the formability deteriorates, so 2.5% is made the upper 
limit. On the other hand, in actual steel, it is 
10 difficult to make the Mn less than 0.01%, so 0.01% is 
made the lower limit. 

Further, other than Mn, when Ti and other elements 
for suppressing the occurrence of hot cracking due to the 
S are not sufficiently added, it is desirable to add an 
15 amount of Mn giving, by mass%, Mn/S&20. 

P, S: 

P and S are added in amounts of not more than 0.2% 
and 0.03%. This is to prevent deterioration of the 
formability or cracking at the time of hot-rolling or 
20 cold rolling. 

Al: 

Al is added in an amount of at least 0.01% for 
deoxidation. However, if too great, the formability 
declines and the surface properties deteriorate, so the 
25 upper limit is made 2.0%. 

N, 0: 

These are impurities. To prevent deterioration of 
the formability, the amounts of N and 0 are made not more 
than 0.01% and not more than 0.01%, respectively. 

30 Ti, Nb, V: 

These elements are elements which improve the 
material quality through mechanisms such as precipitation 
strengthening, texture control, granular strengthening, 
etc. In accordance with need, it is preferable to add one 
35 or more types to a total of at least 0.001%. 

However, even if excessively added, there is no 
remarkable effect. Rather, the formability and surface 
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properties are caused to deteriorate, so a total of 0.8% 
of the one or more types is made the upper Limit. 
B: 

B is effective for strengthening the grain boundary 
5 and raising the strength of the steel material, but if 
the amount added exceeds 0.01%, not only is the effect 
saturated, but also the strength of the steel sheet is 
raised more than necessary and the formability to a part 
is caused to drop, so the upper limit was made 0.01%. 
10 However, to obtain the effect of addition of B, it is 
preferable to add at least 0.002%. 
Mo, Cr, Cu, Ni, Sn, Co: 

These elements have the effect of raising the 
mechanical strength or improving the material quality, so 
15 it is preferable to add at least 0.001% for each element 
in accordance with need. However, excessive addition 
causes the formability to deteriorate, so the upper 
limits of Mo, Cr, Cu, Ni, Sn, and Co are made 1%, 1%, 2%, 
1%, 0.2%, and 2%. 

20 Ca, Rem: 

These elements are effective elements for control of 
inclusions, so suitable addition improves the hot 
formability, but excessive addition conversely aggravates 
the hot embrittlement, so the amounts of Ca and Rem were 

25 made 0.0005% to 0.0.05% and 0.001% to 0.05% in accordance 
with need. Here, the "rare earth elements" mean Y, Sr, 
and lanthanoid elements and industrially are mixtures of 
the same. 

Further, adding Mg in an amount of 0.0001% to 0.05% 
30 and Ta in an amount of 0.001% to 0.05% also give 
equivalent effects. 

Here, in all cases, the lower limit indicates the 
minimum amount added for expressing the inclusion control 
effect. Above the maximum value, conversely the 
35 inclusions grow too large, so the elongated flange 

formability and other aspects of the hole expansivity are 
reduced. Addition as misch metal (mixture) is 
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advantageous cost wise. 

Next, the chemical composition of high-strength hot- 
rolled steel sheet having a multi-phase structure of a 
microstructure of ferrite or bainite as the phase of the 
5 largest volume percentage and including martensite having 
a volume percentage of 1 to 25% and excellent in shape 
fixability will be explained. 

Note that the above steel sheet is a low yield ratio 
steel sheet. 

10 C: 

C is the most important element determining the 
strength of a steel material. The volume percentage of 
the martensite contained in the steel sheet tends to 
increase along with a rise in the C concentration in the 

15 steel sheet. Here, when the amount of C added is less 
than 0.02%, it becomes difficult to obtain hard 
martensite, so 0.02% was made the lower limit of the 

m 

amount of C added. 

Further, if the amount of C added exceeds 0.3%, not 

20 only does the strength of the steel sheet rise more than 
necessary, but also the weldability, an important 
characteristic for a steel material for an automobile, 
remarkably deteriorates, so 0.3% was made the upper limit 
of the amount of C added. 

25 Mn, Ni, Cr, Cu, Mo, Co, and Sn: 

Mn, Ni, Cr, Cu, Mo, Co, and Sn are all added to 
adjust the microstructure of the steel material. In 
particular, when the amount of C added is limited from 
the viewpoint of the weldability, addition of suitable 

30 amounts of these elements is effective for effectively 
adjusting the hardehability of the steel. 

Further, these elements, while not to the extent of 
Al and Si, have the effect of suppressing the production 
of cementite and can effectively control the martensite' 

35 volume percentage. Further, these elements have the 

function of raising the dynamic deformation resistance at 
a high speed by strengthening by solid solution the 
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matrix ferrite or bainite along with the Al and Si. 

However, when the total of the amounts added of the 
one or more of these elements is less than 0.1% or the 
content of Mn is less than 0.05%, it is no longer 
5 possible to secure the required volume percentage of 

martensite, the strength of the steel material becomes 
lower , and effective reduction of the weight of the 
bodies can no longer be achieved, so the lower limit of 
the Mn content was made 0.05% and the lower limit of the 

10 total of the amounts of the one or more of the above 
elements added was made 0.1%. 

On the other hand, when the total of the above 
amounts of addition exceeds 3.5%, when the content of any 
of Mn, Ni, Cr, Cu, and Co exceeds 3%, when the content of 

15 Mo exceeds 1%, or when the content of Sn exceeds 0.2%, 

hardening of the matrix ferrite or bainite is invited and 
a decline in the formability of the steel material, a 
decline in the toughness, and a rise in the cost of the 
steel material are invited, so the upper limit of the 

20 total of the amounts added was made 3.5%, the upper 

limits of the content of Mn, Ni, Cr, Cu, and Co were made 
3%, the upper limit of the content of Mo was made 1%, and 
the upper limit of the content of Sn was made 0.2%. 
Al , Si i 

25 Al and Si are both ferrite stabilizing elements and 

act to improve the formability of the steel material by 
increasing the ferrite volume percentage. Further, Al and 
Si suppress the production of cementite, so can suppress 
the production of the bainite or other phase including 

30 carbides and can effectively cause the production of 
martensite. 

As the added elements having these functions, in 
addition to Al and Si, P or Cu, Cr, Mo, etc. may be 
mentioned. Suitable addition of these elements also may 
35 be expected to give rise to similar effects. 

However, when the total of the Al and Si is less 
than 0,05%, the effect of suppression of the production 
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of cementite is not sufficient and a suitable volume 

» 

percentage of martensite cannot be obtained, so the lower 
limit of the total of one or both of Al and Si was made 
0,05%. 

5 Further, when the total of one or both of Al and Si 

exceeds 3%, hardening or embrittlement of the matrix 
ferrite or bainite is invited, a decline in the 
formability of the steel material, a decline in the 
toughness, and a rise in the cost of the steel material 
10 are invited, and the chemical treatability and other 

surface treatment characteristics remarkably deteriorate, 
so 3% was made the upper limit of one or both of Al and 
Si. 

Nb, Ti, V: 

15 These elements " improve the material quality through 

mechanisms such as fixing of carbon and nitrogen, 
precipitation strengthening, texture control, granular 
strengthening, etc. In accordance with need, it is 
preferable to add one or more types to a total of at 

20 least 0.001%. Further, by adding Nb or Ti, a texture 

advantageous to the shape f ixability easily is formed in 

* 

the hot-rolling, so it is preferable to actively utilize 
this. However, excessive addition causes the formability 
to deteriorate, so 0.8% was made the upper limit of the 
25 total of the one or more elements added. 

P: 

P is effective for raising the strength of the steel 
material and, as explained above, for securing the 
martensite, but if added over 0.2%, deterioration of the 

30 season crack resistance or deterioration of the fatigue 

characteristic and toughness is invited, so 0.2% was made 
the upper limit. However, to obtain the effect of 
addition, inclusion in an amount of 0,005% or more is 
preferable. 

35 B; 

B is effective for strengthening the grain boundary 
and raising the strength of the steel material, but if 
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exceeding 0.01%, not only is the effect saturated, but 
also the strength of the steel sheet is raised more than 
necessary and the formability to a part is caused to 
drop, so the upper limit was made 0.01%. However, to 
5 obtain the effect of addition, it is preferable to 
contain at least 0.0005%. 
Ca, Rem: 

These elements improve the elongated flange 
formability by controlling the form of the sulfides , so 
10 it is preferable to add 0.0005% or more and 0.001% or 

more in accordance with need. Even if excessively added, 
there is no remarkable effect and the cost becomes high, 
so the upper limits of the Ca and Rem were made 0.005% 
and 0.02%. 
15 N: 

N, like C, is effective for causing the production 
of martensite, but simultaneously tends to cause the 
toughness and ductility of the steel material to 
deteriorate, so the amount is preferably made not more 
20 than 0.01%, 

0: 

0 forms oxides and as an inclusion causes 
deterioration of the hole expansivity as represented by 
the formability of the steel material, particularly the 

25 elongated flange formability or the fatigue strength or 
toughness of the steel material, so is preferably 
controlled to not more than 0.01%. 

Below, the method of production of the present 
invention will be explained. 

30 Slab reheating temperature : 

Steel adjusted to a predetermined composition is 
cast, then directly, or after being cooled once to the 
Ar 3 transformation temperature or less, then reheated, is 
hot-rolled. When the reheating temperature at this time 

35 is less than 1000 °C, it becomes difficult to secure the 
predetermined finishing hot-rolling end temperature, so 
1000 °C was made the lower limit of the reheating 
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temperature . 

Further, when the reheating temperature exceeds 
1300 °C, deterioration of the yield due to the production 
of scale at the time of heating is invited and 
5 simultaneously a rise in the production cost is invited, 
so 1300 °C was made the upper limit of the reheating 
temperature. 

Even if the heated slab is heated locally or overall 
in the middle of the hot-rolling, there is no effect at 
10 all on the characteristics of the present invention. 

Hot-rolling conditions : 

The steel sheet is controlled to the predetermined 
microstructure and texture by the hot-rolling and 
subsequent cooling. The texture of the steel sheet 
15 finally obtained changes greatly due to the temperature 
region of the hot-rolling. If the hot-rolling end 
temperature TFE becomes less than Ar 3 °C, the anisotropy 

AuEl of uniform elongation exceeds 4% and the 
formability is remarkably deteriorated, so 
20 TFE* Ar 3 (°C) (1) 

TFE is generally measured after the stand performing 
the final rolling in the hot-rolling, but when necessary 
it is also possible to use a temperature obtained by 
calculation. 

25 Further, the upper limit of the hot-rolling end 

temperature is not particularly limited, but when over 
(Ar 3 +180)°C, the surface properties declines due to the 
oxide layer produced at the surface of the steel sheet, 
so (Ar 3 +180) °C or less is preferable. 

30 When severer surface properties are sought, it is 

preferable to make the TFE (Ar 3 +150)°C or less. 

However, in the method of producing high-strength 
hot-rolled steel sheet having a microstructure comprised 
of ferrite or bainite as the phase of the largest volume 

35 percentage and excellent in shape fixability, regardless 
of the chemical composition of the steel sheet, when TFE 
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becomes less than 800°C, the compressive load at the time 
of hot-rolling becomes too high and simultaneously the 
ductility anisotropy of the steel sheet becomes larger, 
so 

5 TFE;>800 o C (!') 

Further, when the finishing hot-rolling start 
temperature TFE is over 1100°C f the surface properties of 
the steel sheet remarkably drop, so 

TFSsll00°C (2) 
10 Further, when the difference between TFS and TFE is 

120 °C or more, the texture does not sufficiently develop, 
both an excellent shape fixability and low anisotropy are 
achieved, and making the difference not more than 20 °C 
becomes difficult in operation, so 
15 20°C2S(TFS-TFE)2Sl20°C (4) 

Here, in the method of production of a high-strength 
hot-rolled steel sheet having a microstructure including 
martensite in a volume percentage of 1 to 25% and 
excellent in shape fixability, the calculated residual 

■ 

20 strain Ae at the time of the end of the finishing 

rolling, the finishing hot-rolling start temperature TFS, 
and the finishing hot-rolled end temperature TFE shall 
satisfy the relation of the following (3), If this is not 
satisfied, a texture advantageous to the shape fixability 
25 is not formed during the hot-rolling: 

Aes(TFS-TFE)/375 (3) 
Note that the Ae is found from the equivalent strain 
ei (i is 1 to n) given at each stand of the n stages of 
finishing rolling for the rolling, time ti '(sec) (i.=l to 
30 n-1) between stands, time tn (sec) from the final stand 
to the start of cooling, rolling temperature Ti (K) (i=l 
to n) at each stand, and a constant R=1.987. 
£=Ael+Ae2+» »+Aen 
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where, Aei=ei x exp{-( ti*/xn) 2/3 } 

Ti=8.46xl0" 9 x exp{43800/R/Ti> 
ti*=rn x (ti/xi+t(i+l)/x(i+l) + ---+tn/xn} 
Further, in the hot-rolling of this method as well, 
5 the reduction ratio in the temperature range of Ar 3 to 
(Ar 3 +150)°C has a large effect on the formation of the 
texture of the final steel sheet. When the reduction 
ratio in this temperature range is less than 25%, the 
texture does not sufficiently develop and the finally 
10 obtained steel sheet does not exhibit a good shape 

fixability, so the lower limit of the reduction ratio in 
the temperature range of Ar 3 to (Ar 3 +150)°C was made 25%. 

The lower the reduction ratio, the more the desired 
texture develops, so the reduction ratio is preferably 
15 made at least 50%. Further, if 75% or more, it is more 
preferable. 

The upper limit of the reduction ratio is not 
particularly limited, but reduction by 99% or more 
results in a large load on the system and does not give 
20 any special effect, so the upper limit is preferably made 
less than 99%. 

where, 

Ar,=901-325xC%+33xSi%+287xP%+40xAl%-92x(Mn%+Mo%+Cu%) 
-46x(Cr%+Ni%) 

25 Even if performing the hot-rolling in this 

temperature range under ordinary conditions, the shape 
fixability of the final steel sheet is high, but when 
further improvement of the shape fixability is required, 
the friction coefficient is controlled to not more than 

30 0.2 in at least one pass of the hot-rolling performed in 
this temperature range. 

If the friction coefficient becomes more than 0.2, 
no particular difference occurs- from ordinary hot- 
rolling, so 0.2 is made the upper limit of the friction 

35 coefficient. 
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On the other hand, the lower the friction 
coefficient, the harder the formation of the shear 
texture at the surface and the better the shape 
fixability, so the lower limit of the friction 
5 coefficient is not particularly limited, but if becoming 
less than 0.05, it becomes difficult to secure 
operational stability, so it is preferably that the 
coefficient be made at least 0.05. 

Further, processing, spraying high pressure water, 
10 spraying fine particles, etc. for the purpose of 

descaling before hot-rolling are effective for raising 
the surface properties of the final steel sheet so are 
preferable. 

Regarding the cooling after hot-rolling, controlling 
15 the coiling temperature is the most important, but making 
the average cooling rate at least 15°C/sec is preferable. 
The cooling is preferably started speedily after hot- 
rolling. Further, air cooling during the cooling also 
keeps the characteristics of the final steel sheet from 

20 deteriorating. 

To pass on the austenite texture formed in this way 
to the final hot-rolled steel sheet, it is necessary to 
coil the sheet at not more than the critical temperature 
T 0 (°C) shown by the following relation (5). Therefore, 

25 the T 0 (°C) determined by the composition of the steel 
was made the upper limit of the coiling temperature. 

This T 0 temperature is defined thermodynamically as 
the temperature at which the austenite and ferrite of the 
same composition as the austenite have the same free 

30 energy and can be simply calculated using the following 
relation (5) considering the effects of the components 

other than C. 

The effect of components other than the components 
defined in the present invention as having an effect on 
35 the T 0 temperature is not that great so has been ignored 
here. 

When the cooling is ended at above the temperature 
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T 0 determined by the chemical composition of the steel 
material and the sheet is coiled up as it is, even if the 
above hot-rolling conditions had been satisfied, the 
desired texture is not sufficiently developed at the 
5 finally obtained steel sheet and the shape fixability of 
the steel sheet does- not become high. 

T 0 »-650.4x{C%/(1.82xC%-0.001)}+B (5) 
where, B is found from the composition of the steel 
expressed by mass%, 
10 B=-50 . 6xMneq+894 . 3 

Mneq=Mn%+0 . 24xNi%+0 . 13xSi%+0 . 38xMo%+0 . 55xCr% 

+0 . 16xCu%-'0 . 50xAl%-0 . 45xCo%+0 . 90xV% 
When producing a high-strength hot-rolled steel 
sheet excellent in shape fixability, the microstructure 
15 . of which has ferrite or bainite as the phase of the 

largest volume percentage, if the coiling temperature 
exceeds 700 °C, securing a coiling temperature over the 
entire length of the coil becomes difficult and becomes a 
cause of variations in material quality. Further, when 
20 Ti, Nb, and/or V carbide forming elements are included, 
these carbides grow at the grain boundary and the 
ultimate def ormability is remarkably impaired. Therefore, 
700 °C was made the upper limit of the coiling 
temperature. 

25 On the other hand, if the coiling temperature 

becomes less than 400 °C, the austenite phase or 
martensite phase will be produced in a large amount in 
the steel sheet and the ultimate def ormability will fall, 
so 400°C was made the lower limit of the coiling 

30 temperature. 

Further, when producing a high-strength hot-rolled 

steel sheet excellent in shape fixability, the 

microstructure of which includes martensite having a 

volume percentage of 1 to 25%, if the coiling temperature 

35 exceeds 400°C, no martensite phase is formed* Therefore, 

400 °C was made the upper limit of the coiling 
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temperature. From this viewpoint, the upper limit of the 
coiling temperature is preferably made 350°C, more 
preferably 300°C. 

Note that to make the coiling temperature less than 
5 room temperature, not only is excessive capital 

investment required, but also no remarkable effect can be 
obtained, so it is preferable to make room temperature 
the lower limit of the coiling temperature. 
Skin pass rolling ; 
10 Applying skin pass rolling to the steel of the 

present invention produced by the above method before 
shipment makes the shape of the steel sheet excellent. At 
this time, if the skin pass reduction ratio is less than 
0,1%, the effect is small, so 0.1% was made the lower 
15 limit of the skin pass reduction ratio. 

Further, for performing skin pass rolling exceeding 
5%, an ordinary skin pass rolling machine has to be 
modified, economic demerits arise, and the formability of 
the steel sheet is remarkably deteriorated, so 5% is made 
2 0 the upper limit of the skin pass reduction ratio. 

In addition, the yield ratio defined in the present 
invention is the ratio of the breakage strength (MPa) 
obtained in an ordinary JIS No. 5 Tensile Test and the 
yield strength (0.2% yield strength), that is, the yield 
25 ratio (YS/TSxlOO), and the ration is preferably not more 
than 70% from a view point of formability. Further, if 
the yield ratio is not more than 65%, it is possible to 
improve the shape fixability, so this is desirable. 
Plating : 

30 The type and method of plating are not particularly 

limited. The effect of the present invention may be 
obtained by any of electroplating, melt plating, vapor 
deposition plating, etc. 

The steel sheet of the present invention can be used 

35 for bending, but also for composite forming comprised 

mainly of bending such as bending, punch stretch forming, 
restriction, etc. 
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[EXAMPLES] 
(Example) 

This is an example relating to high-strength hot- 
rolled steel sheet excellent in shape fixability, the 
microstructure of which has ferrite or bainite as the 
phase of the largest volume percentage. 

The steel materials of A to K shown in Table 1 were 
heated to 1100 to 1270°C and hot-rolled under the hot- 
rolling conditions shown in Table 2 to obtain hot-rolled 
steel sheets of 2.5 mm thicknesses. The results of 
various types of evaluations of hot-rolled steel sheets 
are shown in Table 3 to Table 4. 
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Table 1 



Steel 
type 


C 


Si 


Mn 


P 


S 


Al 


Ti 


Nb 


V 


Mo 


Cr 


A 


0.03 


0.06 


0.30 


0.009 


0.004 


0.042 












B 


0.04 


0.32 


0.54 


0.012 


0.005 


0.045 


0.13 










C 


0.06 


0.83 


1.32 


0.010 


0.006 


0.036 


0.11 


6.033 








D 


0.05 


0.02 


0.78 


0.016 


0.007 


0.039 




0.010 








E 


0.04 


0.03 


0.82 


0.011 


0,005 


0.028 


0.13 


0.021 


0.01 






F 


0.06 


0.25 


1.22 


0.021 


0.005 


0.043 


0.210 


0.030 






0.05 


G 


0.07 


0.11 


0.98 


0.013 


0.006 


0.036 


0.18 


0.040 








H 


0.08 


0.68 


1.36 


0.014 


0.008 


0.042 


0.35 




0.02 






I 


0.09 


0.62 


1.10 


0.009 


0.004 


0.031 




0.025 • 








J 


0.1 


0.55 


1.39 


0.012 


0.002 


0.040 












K 


0.26 


0.65 


t 3.57 


0.006 


0.004 


0.035 


0.06 


0.043 









Steel 
type 


CU 


Ni 


Co 


B 


N 


0 


Sn 


Ca/Rem 


Class 


A 










0.0020 


0.002 


0.02 




Inv. steel 


B 








0.0021 


0.0019 


0.004 






Inv. steel 


C 










0.0038 


0.003 




Ca0.003 J 


Inv. steel 


D 






0.07 




0.0022 


0.003 






Inv. steel 


E 










0.0030 


0.002 






Inv. steel 


F 










0.0023 


0.002 






Inv. steel 


6 


0.2 


0.1 




* 


0.0018 


0.001 






Inv. steel 


H 










0.0031 


0.003 




Ca: 0 1 . 002 


Inv. steel 


I 










0.0020 


0.002 






Inv. steel 


J 










0.0026 


0.001 






Inv. steel 


K 










0.0021 


0.002 




LaO.0025 


Corap. steel 



The underlines show values outside the scope of the present invention. 
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The shape fixability was evaluated using strip- 
shaped samples of 270 mm length x 50 mm width x sheet 
thickness formed into hat shapes by a punch width of 78 
mm, a punch shoulder R5 mm, a die shoulder R5 mm, and 
5 various wrinkle suppressing pressures, then measuring the 
amount of camber of the wall parts as the radius of 
curvature p (mm), and obtaining the reciprocal 1000/p. 
The smaller the 1000/p, the better the shape fixability. 
In general, it is known that if the strength of a 
10 steel sheet rises, the shape fixability deteriorates. The 
inventors formed actual parts. From the results, when the 
1000/p at a wrinkle suppressinging pressure of 70 kN 
measured by the above method is 0 (mm** 1 ) or more and 
becomes ( 0 . 012xTS-4 . 5 ) (mm -1 ) or less with respect to a 
15 tensile strength TS [MPa] of the steel sheet, an 
extremely excellent shape fixability is obtained. 

Therefore, Os;1000/p<;(0.012xTS-4.5) is evaluated as 
the condition for an excellent shape fixability. 
Here, if the wrinkle suppressinging pressure 
20 increases, the 1000/p tends to decrease. However, no 

matter which wrinkle suppressinging pressure is selected, 
the order of the superiority of the shape fixability of 
the steel sheet does not change. Therefore, the 
evaluation of the wrinkle suppressinging pressure 70 kN 
25 represents the shape fixability of the steel sheet well. 

The hole expansivity is evaluated by the hole 
expansion ratio (following relation) of the hole diameter 
d (mm) to the initial hole diameter 10 mm at the time of 
punching a hole of a diameter of 10 mm in the center of a 
30 test piece of 100 mm a side, expanding the initial hole 
by a conical punch of a vertex of 60°, and allowing a 
crack to run through the steel sheet: 
X={(d-10)/10}xl00 (%) 

The hole expansion ratio generally deteriorates when 
35 the strength of the steel sheet rises. 
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Therefore, (hole expansion ratio X [%]) /(tensile 
strength TS of steel sheet [MPa]) was used as the 
indicator of the hole expansivity and a value of 0.15 or 
more was evaluated as a good hole expansivity. 

The r-value, the anisotropy of ductility, and the 
A.I. were measured using a JIS No. 5 tensile test piece. 
Further, the X-rays were measured by preparing a sample 
parallel to the sheet plane at a position of 7/16 the 
sheet thickness as a representative value of the steel 
sheet. 

In Table 2, No. 5 to 11, No. 13, and No. 15 all had 
hot-rolling conditions outside the scope of the present 
invention, so the anisotropics of ductility were large, 
in some cases the shape fixability was also not 
sufficient, the elongated flange f ormabilities were also 
insufficient, and as a result high-strength steel sheets 
provided with a shape fixability, low anisotropy, and 
hole expansivity were not obtained. 

No. 21 has composition and hot-rolling conditions 
all outside of the scope of the present invention, so was 
not satisfactory in shape fixability and hole 
expansivity. 

When producing steels of chemical composition in the 
scope of the present invention by hot-rolling conditions 
in the scope of the present invention, it is learned that 
a good ductility anisotropy and hole expansivity and also 
a good shape fixability are obtained. 

(Example 2) 

This is an example relating to high-strength hot- 
rolled steel sheet excellent in shape fixability which 
has a multi-phase structure of a microstructure of 
ferrite or bainite as the phase of the largest volume 
percentage and includes martensite having a volume 

percentage of 1 to 25%. 

The steel materials of A to L of the chemical 
composition shown in Table 5 were heated to 1100 to 
1270°C and hot-rolled under the hot-rolling conditions 
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shown in Table 6 to obtain hot-rolled steel sheets of 2-5 
mm thicknesses. The results of various types of 
measurements and evaluations are shown in Table 6 and 
Table 7 (continuation of Table 6). 
5 The shape fixability was evaluated using strip- 

shaped samples of 270 mm length x 50 mm width x sheet 
thickness formed into hat shapes by a punch width of 78 
mm, a punch shoulder R5 mm, a die shoulder R5 mm, and 
various wrinkle suppressinging pressures, then measuring 
10 the amount of warping of the wall parts as the radius of 
curvature p (mm), and obtaining the reciprocal 1000/p. 
The smaller the 1000/p, the better the shape fixability. 

In general, it is known that if the strength of a 
steel sheet rises, the shape fixability deteriorates. The 
15 inventors formed actual parts. From the results, when the 
1000/p at a wrinkle suppressinging pressure of 70 kN 
measured by the above method is 0 (mm" 1 ) or more and 
becomes (.0.012xTS-4.5) (mm" 1 ) or less with respect to a 
tensile strength TS [MPa] of the steel sheet, an 
20 extremely excellent shape fixability is obtained* 

Therefore, 0£lOOO/pis(0.012xTS-4.5) is evaluated as 
the condition for an excellent shape fixability. 

Here, if the wrinkle suppressinging pressure 
increases, the 1000/p tends to decrease. However, no 
25 matter which wrinkle suppressinging pressure is selected, 
the order of the superiority of the shape fixability of 
the steel sheet does not change. Therefore, the 
evaluation of the wrinkle suppressinging pressure 70 kN 
represents the shape fixability of the steel sheet well. 
30 The r-value, the anisotropy of ductility, and the YR 

were measured using a JIS No. 5 tensile test piece. 
Further, the X-rays were measured by preparing a sample 
parallel to the sheet plane at a position of 7/16 the 
sheet thickness as a representative value of the steel 
35 sheet. 



WO 2005/005670 



PCT/JP2004/009465 



- 39 - 

In Table 6 and Table 7, No. 2, 5, 7, 9 to 11, 13, 
15, 17, 18, and 21 to 23 all had hot-rolling conditions 
and/or composition outside the scope of the present 
invention, so the anisotropics of ductility were large, 
5 in some cases the shape fixability was also not 

sufficient, and the YRs were also not satisfied, and as a 
result high-strength steel sheets provided with a shape 
fixability and low anisotropy were not obtained. 

When producing steels of chemical composition in the 
10 scope of the present invention otherwise shown by hot- 
rolling conditions in the scope of the present invention, 
it is learned that a good ductility anisotropy, shape 
fixability, and YR are obtained. 
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Table 5 



Symbol 


Chemical composition (mass%) 


C 


Si 


Al 


Si+Al 


Mn 


Ni 


Cr 


Cu 


Mo 


W 


Co 


Sn 


*1 


A 


0.03 


0.02 


0.040 


0.060 


1.10 
















1.10 


B 


0.06 


1.2 


0.048 


1,258 


1.05 












0.1 




1.15 


C 


0.06 


1.10 


0.032 


1.132 


0.98 


0.3 














1.28 


D 


0.08 


0.01 


0.300 


0.310 


1.50 












0.4 




1.90 


E 


0.08 


1.35 


0.030 


1.380 


0.72 


0.1 




0.2 










1.02 


F 


0.11 


0.09 


0.045 


0.135 


1.B0 








1 0,3 








2.10 


6 


0.07 


1.25 


0.035 


1.285 


0.75 

















0.75 


H 


0.10 


0.04 


0.041 


0.081 


1.92 
















1.92 


I 


0.11 


0.29 


0.520 


0.810 


2.54 
















2.54 


J 


0.13 


1.05 


0.032 


1.082 


2.32 




0.5 












2.82 


K 


0.005 


0.09 


0.041 


0.131 


0.82 














0.02 


0.84 


L 


0.05 


1.02 


0.038 


1.058 


0.03 
















0.03 



Sym- 
bol 


Continued chemical composition (mass%) 


Remarks 


Nb 


Ti 


*2 


V 


P 


S 


N 


B 


Ca 


Rem 


A 


0.030 




0.03 




o.oojl 


0.004 


0.003 








Inv. steel 


B 










0.012 


0.005 


0.002 


0.0008 






Inv, steel 


C 


0,020 


0.020 


0.04 




0.010 


0.002 


0.003 








Inv. steel 


D 










0.012 


0.003 


0.003 




0.001 




Inv. steel 


E 


0.021 




0.021 




0.010 


0.006 


0.003 






0.002 


Inv. steel 


F 










0.009 


0.001 


0.002 








Inv. steel 


6 


0.018 


0.082 


0.1 




0.005 


0,003 


0.003 








Inv. steel 


H 


0.015 


0.092 


0.107 




0.012 


0.001 


0.003 


0.0018 






Inv. steel 


I 


0.012 


0.011 


0.023 


0.01 


0,011 


0.002 


0.002 




0.001 




Inv. steel 


J 




0.020 


0.02 
















Inv. steel 


K 


0.029 




0.029 




0.022 


0.006 


0.003 






0.001 


Comp. steel 


L 






















Coop, steel 



The underlines show values outside the scope of the present invention. 
*1: Mn+Ni+Cr+Cu+Mo+W+Co+Sn 
*2: Nb+Ti 
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[INDUSTRIAL APPLICABILITY] 

As explained above, according to the present 
invention, it. becomes possible to provide thin steel 
sheet with little spring back, excellent in shape 

5 fixability, and simultaneously having press formability 
with little anisotropy, becomes possible to use high- 
strength steel sheet even for parts for which use of 
high-strength steel sheet was difficult in the past due 
to the problem of poor shape, simultaneously becomes 

0 possible to achieve both safety of the automobile and 

reduced weight of the automobile, and becomes possible to 
contribute greatly to auto production meeting the demands 
of the environment and society such as the reduction of 
the emission of C0 2 . Therefore, the present invention is 

5 an invention with extremely high value industrially- 
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CLAIMS 

1. A high-strength hot-rolled steel sheet 
excellent in shape fixability, wherein ferrite or bainite 
is the maximum phase in terms of percent volume, 

satisfying all of the following at least at 1/2 

of the sheet thickness: 

(1) a mean value of X-ray random intensity 
ratios of a group of {100}<011> to {223}<110> 
orientations is 2.5 or more, 
i (2) a mean value of X-ray random intensity 

ratio of three orientations of {554}<225>, {111}<112>, 

{111}<110> is 3.5 or less, 

(3) X-ray random intensity ratio of {100}<011> 

is larger than that of {211}<011>, 
5 (4) X-ray random intensity ratio of {100}<011> 

is 2.5 or more, 

having at least one of an r-value in a rolling 
direction and the r-value in a direction perpendicular to 
the rolling direction is 0.7 or less, 
0 having anisotropy of uniform elongation AuEl 

is 4% or less, 

having an anisotropy of local elongation ALEl 

is 2% or more, and 

having an AuEl which is ALEl or less, 

5 where: 

AuEl={ |uEl(L)-uEl(45°) | + | uEl ( C ) -uEl ( 45 0 ) |}/2 

■ 

ALE1={|LE1(L)-LE1(45°) | + |LE1 (C)-LE1 ( 45° ) |}/2 
uEl(L): Uniform elongation in a rolling direction 
uEl(C): Uniform elongation in a transverse direction 

0 uEl(45°): Uniform elongation in a 45° direction 

LE1(L): Local elongation in a rolling direction 
LE1(C): Local elongation in a transverse direction 
LE1(45°): Local elongation in a 45° direction. 
2. A high-strength hot-rolled steel sheet 

15 excellent in shape fixability according to claim 1, 
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characterized in that an occupancy rate of iron carbide, 
diameter of which is 0*2 \m or more, is 0.3% or less. 

3. A high-strength hot-rolled steel sheet 
excellent in shape fixability according to claim 1, 
characterized in that an aging index AI is 8 MPa or more. 

4. A high-strength hot-rolled steel sheet 
excellent in shape fixability according to claim 1, 
characterized by containing, in terms of weight %, 

C: 0.01 to 0.2%, 
Si: 0.001 to 2.5%, 
Mn: 0.01 to 2.5%, 
P: 0.2% of less, 
S: 0.03% or less, 
Al: 0.01 to 2%, 
N: 0.01% or less, and 
0: 0.01% or less 
and remainder Fe and unavoidable impurities. 

5. A high-strength hot-rolled steel sheet 
excellent in shape fixability according to claim 4, 
characterized by further containing at least one or more 
element selected from Nb, Ti and V with a total of 0.001 
to 0.8%, in terms of weight %. 

6. A high-strength hot-rolled steel sheet 
excellent in shape fixability according to claim 4 or 5, 
characterized by further containing at least one or more, 

in terms of weight %, 

B: 0.01% or less, 

Mo: 1% or less, 

Cr: 1% or less, 

Cu: 2% or less, 

Ni: 1% or less, 

Sn: 0.2% or less, 

Co: 2% or less, 

Ca: 0.0005 to 0.005%, 

Rem: 0.001 to 0.05%, 

Mg: 0.0001 to 0.05%, 

Ta: 0.0001 to 0.05%. 
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7. A high-strength hot-rolled steel sheet 
excellent in shape fixability according to claim 1, 
characterized by containing, in terms of weight %, 

C: 0.02 to 0.3%, 
5 at least one or more element selected from the following 
group consisting of, total 0.1 to 3.5% , in terms of 
weight %, 

Mn: 0.05 to 3%, 

NI: 3% or less, 
10 Cr: 3% or less, 

Cu: 3% or' less, 

Mo: 1% or less, 

Co: 3% or less and 

Sn: 0.2% or less, 
15 at least one or both consisting of, total 0.02 to 3% in 

terms of weight %, 

Si: 3% or less and 

Al: 3% or less 
and remainder Fe and unavoidable impurities, and having 
20 multi-phase structure, wherein ferrite or bainite is the 
maximum phase in terms of percent volume, and a percent 
volume of martensite is 1 to 25%. 

8. A high-strength hot-rolled steel sheet 
excellent in shape .fixability according to claim 7, 

25 characterized by containing, in terms of weight %, at 

least one or more element selected from Nb, Ti and V with 
a total of 0.001 to 0.8%, in terms of weight %. 

9. A high-strength hot-rolled steel sheet 
excellent in shape fixability according to claim 7 or 8, 

30 characterized by further containing at the least of one 
or more element selected from the following group 
consisting of, in terms of weight %, 

P: 0.2% or less, 
B: 0,01% or less, 
35 ca: 0.0005 to 0.005% and 

Rem: 0.001 to 0.02% 

10. A high-strength hot-rolled steel sheet 
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excellent in shape fixability according to claim 4 or 5, 
wherein the steel sheet is plated. 

11. A high-sttength hot-rolled steel sheet 
excellent in shape fixability according to claim 7 or 8, 

5 wherein the steel sheet is plated. 

12. A method of producing a high-strength hot- 
rolled steel sheet excellent in shape fixability 
comprising the following steps, 

hot-rolling a cast slab having a composition 
10 according to claim 4 or 5 as cast or cooled once, then 
reheated to a temperature range of 1000-1300°C, with a 
total reduction ratio of 25% or more at Ar 3 to 
(Ar 3 +150)°C, temperature at finishing hot-rolling start, 
TFS, and temperature at finishing hot-rolling end, TFE , 
15 simultaneously satisfies following Equations (1) to (4), 

■ 

and 

cooling hot-rolled steel sheet, then 
coiling at below critical temperature T 0 
determined by the chemical composition of the steel sheet 
20 shown in the following Equation (5) and a temperature of 



400 to 700°C, 

TFEssAr 3 ( 1 ) 

* 

TFEs800°C (1') 

TFS*1100 o C (2) 

25 20°C2STFS-TFE<;120 0 C (4) 



T o =_ 6 5 0 . 4 x { C % / ( 1 . 8 2 xC % - 0 . 0 0 1 ) } +B ( 5 ) 

where B is found from the composition of the 
steel expressed by weight % 

B=-50.6xMneq+894.3 
30 Mneq=Mn%+0 . 24xNi%+0 . 13xSi%+0 . 38xMo%+ 0 . 55xCr% 

+0. 16xCu%-0.50xAl%-0.45xCo%+0.90xV% 
Ar 3 =901-325xC%+33xSi%+287xP%+40xAl% 
-92x(Mn%+Mo%+Cu%) 
-46x(Cr%+Ni%) 
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13. A method of producing a high-strength hot- 
rolled steel sheet excellent in shape fixability 
according to claim 12, characterized by further 
controlling a friction coefficient to not more than 0.2 

5 in at least one pass in the hot-rolling in a temperature 
range of Ar 3 to (Ar 3 +150)°C. 

14. A method of producing a high-strength hot- 
rolled steel sheet excellent in shape fixability 
characterized by applying skin pass rolling of 0.1 to 5% 

10 to hot-rolled steel sheet produced by the method of 
producing a high-strength hot-rolled steel sheet 
excellent in shape fixability according to claim 12. 

15. A method of producing a high-strength hot- 
rolled steel sheet excellent in shape fixability 

15 comprising the following steps, 

hot-rolling a cast slab having a composition 
according to claim 7 or 8 as cast or cooled once, then 
reheated to a range of 1000 to 1300 °C, with a total 
reduction ratios of 25% or more at Ar 3 to (Ar 3 +150)°C, 

20 temperature at finishing hot-rolling start, TFS, and 
temperature at finishing hot-rolling end, TFE, and 

calculated residual strain Ae to simultaneously satisfy 

following relations (1) to (4), and 

cooling hot-rolled steel sheet, then 
25 coiling at below critical temperature T 0 

determined by the chemical composition of the steel shown 
in the following relation (5) and a temperature of not 



more than 4 00 °C: 

TFE*Ar 3 (°C) (1) 

30 TFS<;1100°C (2) 

Ae*(TFS-TFB)/375 (3) 

20°C^(TFS-TFE)^120°C (4) 

T o =-650.4x{C%/(1.82xC%-0.001)}+B (5) 



where, B is found from the composition of the 
35 steel expressed by weights, 
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* 

B=-50. 6xMneq+894.3 

Mneq=Mrt%+0 . 24xNi%+0 . 13xSi%+0 • 38xMo%+0 . 55xCr% 

+0 . 16xCu%-0 . 50xAl%-0 . 45xCo%+0 . 90xV% 
where, 

5 Ar 3 =901-325xC%+33xSi%+287xP%+40xAl%-92 

x (Mn%+Mo%+Cu% ) -4 6x ( Cr%+Ni% ) 

Ae is found from the equivalent strain zi (i is 

1 to n) given at each stand of the n stages of finishing 
rolling for the rolling, time ti (sec) (i=l to n-1) 
10 between stands, time tn (sec) from the final stand to the 
start of cooling, rolling temperature Ti (K ) (i=l to n) at 
each stand, and a constant R-1.987. 

e=Ael+Ae2+» -+Aen 

where, Aei=ei x exp{-(ti*/xn) 2/3 } 
15 xn=8.46xl0" 9 x exp{43800/R/Ti} 

ti*=rn x (ti/xi+t(i+l)/T(i+l) + - • «+tn/xn} 

16. A method of producing a high-strength hot- 
rolled steel sheet excellent in shape fixability 
according to claim 15, characterized by further 

20 controlling a friction coefficient to not more than 0.2 
in at least one pass in the hot-rolling in a temperature 
range of Ar 3 to (Ar 3 +150)°C. 

17. A method of producing a high-strength hot- 
rolled steel sheet excellent in shape fixability 

25 characterised by applying skin pass lling of 0.1 to 5% 
to hot-rolled steel sheet produced by the method of 
producing a high-strength hot-rolled steel sheet 
excellent in shape fixability according to claim 15. 



